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ABSTRACT • 

Crustal Evolution Education Project (CEEP) modules 
were designed to: (1) provide students with the methods and results 
of continuing investigations into the composition, history, and 
processes of the earth's crust and the Application of this knowledge 
to man's activities and (2) to. be used by teachers with little or no 
previpus background in the modern theories of sea-floor spreading,^ 
continental drift, and plate tectonics. Each module consists of two 
booklets: a teacht rj s guide and student investigation. The teacher's 
guide contains all of the information present in the student 
investigation booklet as well as: (1) a general introduction; (2) 
prerequisite student- background; (3) objectives; (4) list of required^ 
materials; (5) background information; (6) suggested approach; (7) 

v procedure, including number of 45-minute class periods required; (8J 
summary questions (with answers); (9) extension activities; and (10) 
list of references* Data from the Dee'p Sea Drilling Project are " 

modified in this 4-peHod, individualized activrty focusing on use of 
fossil ranges in and correlating sea sediments. Students describe _ 
kinds of data obtained by the project, determine relative ages of 
sediment layers by using fossils and* principle of supersition, 
correlate layers represented in diagrams (provided in booklets )', an£ 
relate age of ocean crust to sea-floor spreading. (Aufyor/JN) 
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NAGT Crustal Evolution 

•Edward C. Sioever, Jr., 

Welcome to the exciting world of current research 
>nto the composition history and processed of the 
eartn s. crust and the application of this Knowledge 
to man s activities The earth sciences are 
Currently experiencing a dramatic revolution in 
our understanding of the way in which the earth 
.vorks CEEP x modu!es are designed to bring into 
tne classroom the methods and results of these 
c J n 'inumg investigations The Crustal Evolution 
Ed <cat»on Project began work in 1974 under 
tn e absences of the National Association^ 
Geobg/ Teachers CEEP materials have been 
deve ! ooed Dy teams q f science educators 
rassroom teachers and scientists Prior to 
r,'j r jnzwjn tn^ materials vVere field tested by 
"-jt~ 2(fe teacners and over 12 0Q0 students 
C :'js*ai evOfunon research is a breaking 

s*o r y Tr "V s(_.a^^ts 3'e :.;mg through today 



Education Project 

Project Director 

Teachers and students alike have a unique 
opportunity through CEEP modules to share in the 
unfolding of these educationally important and 
pxciting advances CEEP modules are designed 
to provide students with appealing firsthand 
investigative experiences with concepts which are 
at or close to-the frontiers of scientific inquiry into 
plate tectonics Furthermore the CEEP modules 1 
are designed to oe used by teacners with little or 
no previous background in the modern theories 
of sea- f loor spreading continental drift and plate, 
tectonics 

We know that you will enjoy using CEEP 
modules m you r classroom Reaa on and be 
propar^d to experience a renewed enthusiasm for 
tp lc ^ <m ^ as yQ U iea r n mo r e aoout the living earth 
r *h's and o'ner CEEP modules 
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About CEEP Modules. 
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Jd-j-es co^S'St of two bsoklets a 
ie and a Student Investigation Tne 
:o n ta'°s a ;< tne information 
i n u* ■ ^s* r i* L on S stuoen: Investigation 

r o5ec f o r '$r,r ^*ei n colo r ^tended only for tne 
*^3^"e r as we as ans/ v e r s to the questions tnat 
a r e ,ded -n Student investigation 
i-, ^od^ es t^e^e a r e ■lustrations that 

<cr^-a^ on'y r Teacre r s Guiae and these are 



1 "J 



letters instead of tne numoe^ 
+ ne Student Investigation 
•es ♦maos rulers ana other • 
„ nn3»o ri q l s are needed and in 



,-t r /.ng a u ant:t.es according to the method of 
p r ese"ta t io n R^ad over tne module before 
scne^u ! ng -*s use in class and "efer to the list of 
VA^ERIALS the ^oduie 

Eac n m odjie s mdfv duai an'o se' -contained in 
r '. r -?en* &»jt so rT, e are divided > r 'to two or more 
r>i r *s <o r co^^jr.i^nc-j Tne reco^n^e^eo length 

^nnp « or *ac^ modoie is indicated Some modules ■ 
: f u o r ornaM«siv knowledge of so f ne aspects 
o * h a 5 ^ eartn sci'j^C'.' t * 1 s ■ s n o t ^ oT i n the 



Tne material was prepared with true. 
support of National Science Foundation 
Grant Nos SED 75-20151 SED 77-08539. 
and SED 78-25104 However any opinions 
fmd-ngs conclusions or recommendations 
expressed herem are those of the author(sj 
"ar.ff'lo not necessarily reflect the views 

in.orde/ to comply with U S PuoJiq*Law 
94 % ever/ school district <n the USA 
usmg these materials agrees to make 
*hem available for inspection by parents or 
guardians of children engaged in 
educatjorfai programs or projects of the 
school district 
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Microfossils, Sediments 
And Sea-floor Spreading 



INTRODUCTION 

In this module students use modiljed data of the 
Deep Sea Drilling Project to study the usej>f fossil 
ranges in dating and correlating sediments. 
They find that the relative age of the pcean crust 
can be determined by dating- the overlying 
sedfments and that the crust gels progressivefy 
older outward from the Mid-Atlantic Ridge. 

vJntil the last 20 years or so, very little was 
known about the ocean ^asins," their topography, 
sediments, or how they were formed Even 
now we know less about the ocean basins than 
we know aboui the surface of the moon Much has 
been learned-recently as the result of a \ 
program called the Deep Sea Drilling Project The 
first cruises of its research ship, the Glomar 
Challenger, to collect ocean basin data, were 
made in 1968 This'profect has provided much 

valuable data and material, including core, 

> 

samples of sea-floor sediment 

The section of a cruise between two places is 
called a leg. In these activities! you will be^ 
using data from Leg 2 of the Deep Sea Drilling , 
Project This leg is between New York and* 
Dakar, Senegal (see Figure 1) On this cruise', the* 
Glomar Challenger drilled 'into sea-bottom 
sediraents at five different locations These are 
labeled 8, 9, 10, 11 and 12 on Figure 1 You 
will use information from sites 8, 10, 1 1 and 12, 
only It has been changed sdfftewhat from the • 
original data This is necessary because 
the original data, although very detailed are 
incomplete in some cases. 

PREREQUISITE STUDENT BACKGROUND < 

i 

If.the students already understand sea-floor 
spreading theory, they should be able to * , 
answer the questions in the INTRODUCTION. 

* i 

Students are in essentially the same position as 
those scientists working on the Deep Sea ^ 
Drilling Project. Before the project started, the * 
theory had already been developed The purpose 
of the project was to gather data fy^at would 
either support or" invalidate the theory. In 
answering these questions, the students 3re 
predicting the nature *}nd distribution bf d£ep sea 
sediments according to this theory. " 



If you have already studied the theory of sea-floor 
spreading, try to answer the following 
questions Wh$n you have finished, your teacher 
will discuss thefln with you If you have not 
studied this theory, skip ttje questions and go on 
to PART A of this module * 

If the theory of sea-floor spreading is correct, 
what infornratxjn would you expect to find 
from Leg£ concerning each of the following 9 

"l: the cores at locations 10 and 1 1 (Figure 1) 
reached the basalt of. the oceanic crust Which 
core has the oldest sediment 9 
Site 10 

2. How should ftje total thickness of the sediments 
on the ocean flock* change under the Glomar 
Challenger, as the*ship moved from the 
continental slope off N6rth America to the axis, 
or crest^pf the Mid-Atlantic Ridge? 

The thickness of the sediments should decrease 
toward the ridge axis.. 

3. What changes in depth to the sea bott6m 
should you expect beneath the Glomar Challenger 
as it moved from site' 8 to a point above the 
ridge axis 9 , v 

The ocean should be deepest at site 8 and 
shallowest above the ridge axis. The deepesbarea 
would be found close to the continental slope. 
As the Glomar Challenger moved toward the 
ridge, the depth would decrease beneath it. 



If your students are hot familiar with the theory 
of sea-floor spreading, they should not 
attempt to answer these question^. Instead, they 
should proceed directly to PART A of the 
activity. They wilNhen have to develop an aspect 
of the theory of sea-floor spreading in order 
*to explain the data that they will* $tudy. 

Students should be acquainted with the common 
types of sedimentary and ignfeous rocks, and 
understand the principles of correlation # 

r and superppsition.^They should also understand 
wfrat is meant by the range of a fossil species 
and be able to use the geologic 4inrMe scale. Those 
students completing the EXTENSION need 
to understand the solubilities of silica and. 

: carbonate in sea water. 
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Drilling site 

'igneous rocK e<jCouhier) 



Figure 1 Map of the North Atlantic Ocean showing the sites drilled on Leg 2 Depth contours are in meters The 
line from New York to Dakar represents the path taken by .the Giomar Challenger (Adapted from 
Volume II, Initial Reports of the'Deep Sea Drilling Project ) 
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OBJECTIVES m ^m&m 



After you have completed these activities, you 
shoulfj be able to* 

1. Cfescribe the kinds of data obtained by the 
Deep Sea Drilling Rroject. * 

2. Determine the relative ages of sediment layers 
by using fossils and th^prmciple of superposition. 

3. Correlate the layers represerfted in th^Sore 
Diagrams 

4. Relate the age of Ocean crust to sea-fioor 
-spreading. v 

MATERIALS ^^^^^^^m^^ 

iMost'of the materials needed by the students are 
included in the Student Investigation booklet 
and should be available according-to 
instructions below. 

One set for each group of 3 students: 
Reference Collection of Fossils (Worksheet 1) 
Fossils Found in Cores (Worksheet 2) 
Colored pencils and rulers 

One set for each s/udent: 
Key to Geologic Ages, Sediments and Roc&s 
(Worksheet 3) ^ 
Range Char^of Fossil Species (Worksheet 4) 
Core Diagrams (Worksheet 5) 

BACKGROUND INFORMATION wmeoufe* 



\ 



Tfle Deep Sea Drilling Project has produced a vast 
amount of data abfeut the sedimentfe of the* 
ocean basins. The information resijjiing from 
these data has not only confirmed basic aspects of 
the plate tectonic theory, but has also led to a , 
more complete understanding of the earth s 
climate and the factors that control It. fn this 
respect^ thjp project will have a direct effect 
on the lives of your students. 

SUGGESTED APPROACH 

This activity is written in a step-by-step 
individualized format. For many students, it can 
be used in an independent study situation, t 
However, the' activity can be easily adapted for 
total class, laboratory-type teaching situatioQS. 
You should presenfthe introductory questions, 
objectives, and explanatory and summary 
information from the studeni^etivity in a pre-lab 
and post-lab group discussion. J 

In any case, you^should be certain tt\at this' 
material is either read by or presented to the 
students and understood by them. It is important 
to the understanding of the OBJECTIVES 
of the activity. 



The data used in this activity are based upon 
.those obtained by thre projects Jhey have 
been simplified, and the fossils are not' necessarily 
thbse found in Leg 2. These modifications in tf\e 
data will make them more understandable to 
studerrtsr^ou should emphasise, howeyer, that 
the conclusions the .students will reacji 
are the same as those of the scientists who worked 
with these data. 
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PROCEDURE 

P/\RT A. How are the relative ages of sediments 
in a core determined? 

Students identify the fossils found in each of the 
cores and determine thejr ranges from their 
pictures in a Reference Collection. This s t 
identification is analogous to the procedure a 
paleontologist uses in determining the ranges of 
the fossils founcj in sediments. Students tnen 
determine the ages oHhe various intervals 
of sediment found in theSsores. 
Key words: leg, principle of superposition, species, 
index fossil, range 

Time required: ^two 45-minute periods 

Materials: Worksheets 1, 2, 3, 4, and 5; rulers, 
pencils and colored pencils c 

Sediments are deposited in layers. The principle 
of superposition states that when those layers 
remain undisturbed, the layer on the bottom was 
deposited first and is the oldest. The youngest 
is on top ^ ^ 

1. Find your set of Core Diagrams (Worksheet 5). 
LQOk at the diagram of the core from' site 8. 
There are* letters at several pjaces on the diagram 
List the letters in a column here, according 
to the ages of the sediments they mark Write - 
"youngest" beside the top letter and "oldest" 
beside the bottom letter 
D youngest 
A 

C „ 
B 

E ^ oldest 

The principle of superposition allows us to 
determine the youngest and oldest sediment 
within a single core How can you relate the 
age of a layer of sediment in one core to a layer in 
/another core from a different location? A 
scientist working on the Deep Sea Drilling Project 
must do this to work out the history of the 
ocean basins Many sediments contain fossils 
Some of these are microscopic shells of tiny plants 
and animals that lived in the surface waters 
of the ocean When Jthese organisms die, they fall 
to the ocean floor and become part of the 
sediments t 




Some species of plants or animals livecJ*throughout 
wide areas during a relatively short 'period 
of geologic time. Their fossils are called index 
fossils. Many individuals of a species drifted far 
and wide across the ocean. Their fossil shells 
are found in a layer of sediment -deposited over a H 
large area of the ocean floor at the time that 
the species existed. When cores -are taken from 
this layer of sediment at different locations, « 
the same species of fossils may be found in several 
of the cores The sediments in which the fossils 
are found can then fre matched between cores. 
The fossils must be a part of the sediment ^ 
deposited at the same time in each •of the areas 
where the cores were taken. 

2. Examine the Reference Collection of Fossils 
(Worksheet 1). These pictures are of fossils 
from the groups called Foraminifera and 
Radiolaria. instead of the actual species names of 
these organisms, each is labeled with an 
identification letter The r^nge (the portion of 
geologic time during vyhich a fossil lived) is given 
for each fossil (for example Middle Paleocene 

to Late Oligocene for species E) Plot the 
range of each species on the Range Chart of Fossil 
Species (Worksheet 4) The range of species E has 
already been plotted Have your teacher 
check your graph when you finish 

The range of each of the fossil species is to be 
plotted on the Range Chart of Fossil Species 
(Worksheet ^Students will need to use this 
completed graph in the next part of the 
activity, so be certain that they have the ranges 
plotted correctly before they continue. 
See Answer Sheet 4 

3. Does any species represent a single tiQpe < 
period (for example, Miocene) or only part of a ; 

. time period 9 List these along with the*part } 
of geologic time in which they are found Thes^ 
species are index fossils 

The following species can be used as index fossils 
for the time intervals indicated: 
0, P = Pleistocene 
N, D = Pliocene * 
L - Miocene 
"G = Oligocene 
H = Eocene 
C r . Paleocene 
B = Cretaceous 
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4. Using Fossils found in Cores* (Worksheet 2) 
identify each fossil as follows: The numbers on the > 
fossils correspond to the layer in which they 
dccurwinl^e core. For example, fossil 1 was 
found near the top of the core from site 8. Fossil 2 
was found in the layer-immediately below it. 

To identify # eacl^of these fossils, compare them 
with the picture of e^ch species in your Reference 
Collection of Fossils (Worksheet 1). Record \ 
the letter labeling the species in the space 
provided on the Core Diagrams. For example, 
fossil 1 would be identified as "A", fossil 2 as "I", 
etc. 

Se'e Answer Sheet 5. * 

5. Look at therlirst lection (Worksheet 5), site 8. 
It contains fossils A, I and 0. Using your 

Range Chart of Fossil Species (Worksheet 4), find 
the one geologic age w/ien all these,organisms 
lived *at the same time. You should find this 
to be Pleistocene. WPite Pleistocene on the line 
, above Age on the core diagram. Now determine 
the ages of-the other core diagrams at each 
'site in the same manner. 
See Answer Sheet 5. 

6. Which fossils did you find most useful? 
The students should list the same fossils found 
in question 3. 

7. What do be call*such fossils 9 
Index fossils 

8. Find the Key to Geologic Acjes, Sediments and 
/ Rocks (Worksheet 3)' Color the small squares 

next to each geologic age with" a different color 
Next, color each section of the core diagrams 
(Worksheet 5) to match the color of the 
geologic ages in your key. 

9. Notice that some sediments lack fossils, so^ 
you cannot be certain of their ages/Use the 
principle of superposition to estimate the ages 
,of these sediments. Indicate on the cores 

the ages that you have determined by drawing 
diagonal lines of the appropriate color in each 
section of the core diagram. 
See Answer Sheet 5. 

•Vou have now |sed index fossils to determine 
the ages of sediments in cores in the same 
way that scientists do. These core diagrams will 
also be used in PART B of this activity. 
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Reference Collection of Fossils— Foraminifera 
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PART B* 1-iow do the ages of sediments differ ' 
frdm core to core 9 

Students correjate layers between cores and 

determine the ages of the oldest sediments in each 

core. The result is information that confirms 

one aspect of the sea-floor spreading theory: the 

ocean floor becomes younger as the ridge is 

approached. " • - 

Key word: sea-floor spreading 

Tffrie required: one to two 45-minute periods 

Materials- Worksheets 3 aW^/ruiers and 

pencils ' ' * ' 

1/Using Worksheet 5 that you filled in for PART A, 
correlate by drawing lines between cores, 
marking the time boundaries from one core to the 
next. For example, ccmneCt the line in each 
core that represents the boundary between the > 
Miocene and Pliocene. Have your teacher 
check your djagrams before you continue. 
In correlating, the students will be connecting 
the base (or top) of each period from core to 
core. See Answer Sheet 5. Check your students' 
diagrams before they continue with the 
remaining questions. 



For the remainder of these questions, refer to the 
Core Diagrams (Worksheet 5); the Key to 
Geologic Ages, Sediments and Rocks (Worksheet 
<f* 3), the map (Figure 1), and the chart showing the 

topography of th§ Atlantic Ocean Basin (Figure 2). 

j 

2. At which sites did the Glomar Challenger 
. * drill through sediment to igneous rock? < 

Sites 9, 10 and 11 ^ 

The igneous rocfc at these sites is basalt and 

probably is oceanic crust. 

3. Which of the sites is closest to the ridge axis? 
Site 11 * 

Which is closest to the North Ameridan continental 

shelP 

Site 8 

4. If the core at site 8 had been drilled deeper, 
would the deeper sediments fa^crlder or younger 
than those from the bottom of the cbre? 

By applying the principle pf superposition, 
students should reason that the deeper sediments 
would be blder.^ 

5. Keeping your last answer in mind, do the 
deepest sediments of sites 8 through 11 bfecome 
younger or older as you move from the 
bottom of the continental margin to the ridge? 

M Younger 



Caoe s/erde islands 



North America S '* 6 



Africa 



6000 




1000 



km 
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Fjki^2 Topography of the Atlantic Ocean basin along the path of Leg 2. Vertical scale is greatly 
jJ^^J ^exaggerated (Adapted from Volume II, Initial Reports of theOeep Sea Drilling Project.) 



6. What mus^happ^n to the age of the basaltic 
ocean'caist from west to east (sites 8 to 11)? How 
can you explain the differences in ages? 

The crust becomes younger. Students can Infer 
this by applying the principle of superposition. ^ 
Jhat is, the bottom-most sediments become 
progressively younger toward the ridge, 
therefore it is likeJy that the crust also 
becomes younger toward the ridge. New basalt 
is^rising at the ridges. As a result, the older 
basalt is pushed away on both sides of the ridge. 
Thus, the closeMo the ridge, the younger 
the basalt. * \ 

7. What are the relative ages of bottom sediments 
at sites 11 -and 12? Are these ages consistent 
with your answers to 5 and 6? 

At site 11, which is closer to the ridge, the bottonf 
sediments above the basalt are Miocene in age; 
at site 12, farther from the ridge, sediments- 
are older; £ocene age. This is consistent with Hie 
ideas in questions 5 and 6. 

8. What happens to the depth of the ocean - 
voters from site a to, site 11? From site 11 to 
12 9 How can you explain these differences 
in depth'? 

The depth of the water becomes less as the ridge 
is approadhed from either side. Since basair 
. is rising at the ridge^ it is warmer and less^ense 
♦ there than it is farther away frdm the ridge. 
Being less dense, it floats higher in the mantle, 
and thus the ocean in that area l'8 shallower. 
This idea should be discussed with your class. 
It is unlikely that students will be able to answer 
this question, just from the information 
provided in the student activity, they will 
probably need some jdea of isostasy. 

SUMMARY .QUESTIONS 

1/What types of d^ta has the Deep Sea Drilling 
Project recovered from the - ocean floor? 
Cores containing^sediment and fossils; ocean 
depth measurements. 
~ 2FWhy can the ranges "of fossils~be used to" 
determine the age of a layer of sediment? 
Certain fossils knowK as index fossils represent 
organisms that ifved for brief periods of time. The 
sediments containing these fossils must have beet} 
deposited at the time that the organisms were 
alive. 



9. Why should the sediment on both .sides of the 
ridge be of similar age and represent similar - 
depth of vyater? r , J> «* T 
Sea-floor spreading is occurring at a uniform 
rate on both sides of the ridge. Therefore, 

' bottom-mo^t s'ediments at a given distance on both 
sides will be the same age. Since the cooling 
rate and the increased density df basaltic 
crust will-be uniform on both sides, so will the 
depth. 

10. Are your observations in this activity 
.consistent with the pre'dictionsyou made in 

questions 1 through 3jn the INTRODUCTION? 
The answer should be yes. 

In the early 1960s, a scientist by the nafoe of 
' Harry Hess proposed an idea to explain hpwthe 
ocean crust migh't form He suggested that 
new crust was coming to the surface at the 
Mid-Atlantic Ridge, and that the older crust was 
being pushed away As a result, the ocean basin 
was^spreading away \p both directions from 
the ridge In dther words, the basaltic ocean crust 
is older in botrtdirections away from the ridge 
The Deep Sea Drilling Project data'used in 
this activity suppo/ts Hesss theory of sea-floor ^ 
spreading. 



3. How is it possible to correlate layers of . 
sediment in one core with those in another? 

The ages of sediments In a core can be determined 
by using index fossils. Layers of the same age 
_ Jn different cores can their be^orrelated. 

4. How do the ages of the oldest sediment in 
cores from the Mid-Atlantic Ridge compare to 
those taken near Bermuda 9 ' 

Younger 

The Cape Verde Islands 9 
Younger 
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EXTENSIONS 

What is the carbonate compensation depth? . 

The carbonate compensation depth is an 
important idea to geologists attempting fo 
interpret information from deep sea'cores. The 
carbonate compensation depth is the level at 
which temperature and pressure are such 
that alt calcium carbonate is in solution. Below 
this depth, you woulcj not expect calcareous 
muds (future limestones) to be deposited. Instead, 
only siliceous oozes would be found since - 
silica Is less soluble than calcium carbonate. You 
might want to introduce this portioq of t)ie 
activity by discussing what is meant by solubility, 
especially the sofubility of gases, since it is 
carbon dioxide that determines the solubility 
of calcium carbonate. . 

Many microscopic plants and animals live in the 
oceans surface waters When they die. their 
shells sink to the bottom of the ocean BecausQ 
they are so small, it takes a very long time 
for them to reach the bottom These shells dissolve 
in sea water, and carbonate shells are more 
likely to dissolve than those made of silica The - 
longer it takes for a carbonate shell to reach 
the bottom, the more likely it is to be totally 
dissolved In very deep water, carbonate shells 
are not preserved, only the silica shells'are 
left They form a siliceous ooze on the bottom 
The depth at which little carbonate is preserved in 
the sediment is called the carbonate compensation 
depth This depth varies primarily with 
temperature of the water The colder the water 
the sooner carbonate will be dissolved an£j, 
therefore, the shallower the carbonate m '* 
compensation depth Generally, the carbonate 
compensation depth will be at about the same 
depth -everywhere at a given latitude 

The cores you have studied were obtained 
between latitudes 20° and 30° North The 
youngest sediments in these cores are Pleistocene 
We can assume thaLthey were deposited under 
conditions similar to those of today. These 
sediments will therefore indicate the present 
level of the carbonate compensation depth. 
It should be the same for each of the areas 
represented by the cores. 

1. Using Figure 2, determine the depth of tl\e 
water at the top of each core taken at each site. 



Site 8 
Site 10 
Site 11 
Site 12 



5250m 
475im 

3500m 
4250m 
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2. Using the Core Diagrams (Worksheet 5) and.\ 
the Key tcj Geologic Ages, Sediments and Rock§ 
(Worksheet 3), determine whether the fossils 
found at the top of each core are silica or 
carbonate. 

Site 8 silica 
§ite 10 carbonate 
' Site 1 1 carbonate ' * 
Site 12 carbonate 

3. Using Figure 2, determine the level of the s 
carbonate compensation depth for this part of the 
Atlantic' H 

Abput 5000 meters. 

(Hint, the forammiferal ooze is composed of 
carbonate sediment; the siliceous ooze and 
the chert are composed of silica ) 
By holding a ruler horizontally across Figure 2, 
the students should be able to estimate the 
depth at which these sedimertts were deposited. 
They' lie at about the 5000 meter depth and 
slightly below the bottom oHhe core at site 12. 
Therefore, ttje carbonate compensation depth 
must be*art about 5000 meters. 

Most geologists believe that the basaltmakjng up 
old crust is cooler and therefore more dense 
than that of relatively new crust If this is true, 
old crust should lie at a lower efevaUon in the 
ocean basins than new crust Therefore the ocean 
should be deeper over the old crust 

4. £hduld the crust under site 8 be younger or 
older than th^below site 11? What two lines 

of evidence support your conclusion 9 / 
The crfist below site 8 should be older than that 
below site 11. No carbonates occur at site 8, 
so the ocean crust here must lie at a deeper level. 
Also Figure 2 shows the ocean ia much deeper 
over sHe 8 than site 11. 

5. The core at site 8 did not reach the basalt, 
]f it had, whatjype of sediment (carbonate 

or silicate) would you expect to find resting on 
the basalt? Why 9 ^ 
The crust below site must have been higher 
when it was relatively young, as is the crust 
below site 11 Therefore, at one time it would 
have been above U>e carbonate compensation 
depth, so you would,expect to find some 
carbonate sediment in the oldest sediments. 
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Microfossils, Sediments 
And Seo-f lopr Spreading 



INTRODUCTION 

Until the last 20 years or so, very little was 
known about the ocean basins, their topography, 
sediments, or how they were formed Even 
now we know, less about the ocean basins than 
we know about the surface of the moon Much has 
been learned recently as the result of a 
program called the Deep Sea Drilling 'Project The ( 
first cruises of its research ship, the Glomar 
Challenger, to collect oce^n basin data, were 
made in~1968 J This project has provided much 
valuable data and material, including core 
samples of sea-floor sediment 

The section of I cruise between two places is 
called a leg. In these activities, you will be 
using data from Leg 2 of the Deep Sea Drilling 
Project This leg is between New York and 
Dakar. Senegal (see Figure 1). On this cruise, the 
Glomar Challenger drilled into sea-bottom 
sediments at five different locations. These are , 
labeled 8, 9, 10, 11 and 12 on Figure 1. You 
will use information from sites 8, 10,-11 and 12, 
only It has been changed somewhat from the 
original data Thisjs necessary Ipecause 
the original data, although very betailed are 
incomplete in some cases 

If you have already studied the theory of s'ea-floor 
spreading, try to answer the following 
, questions. When you have finished, your teacher 
will discuss their with you. If you have not 
studied this the&ry, skip the questions and go on 
to PART A of this module. 



If the theory of sea-floor spreading is correct, 
what information would you expect to find 
from Leg 2 concerning each of the following 9 

1. The^cor^at locations 10 and 11 (Figure 1) 
reached the basalt of the oceanic crust Which 
core has the oldest sediment 9 * 



i 



2. How should the total thickness of the sediments 
on the ocean floor change'under the Glomar 
Challenger, as the ship moved from the , 
continental slope off North America to the axis, 
or crest, of the Mid-Atlantic Ridge 9 



3. wjhat changes in depth to the sea bottojn 
sho,u\d you expect beneath the Glomar Challenger 
as amoved from site 8 to a point above the 
ridge axis 9 
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Figure 1 Map of the Jslorth Atlantic Ocean showing the sites drilled on Leg 2 Depth contours are in meters The 
line from New York to Dakar represents the path taken by the Glomar Challenger. (Adapted from 
Volume lljlnitial Reports of thfc Deep Sea Drilling R^pject.^ ' 4 
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0 B J E CTI VES ^^^^-^^>^^.-^^^^r?^m^>-^^ 
After you have completed these activities, you 
should be able to:^ ' 

1. Describe,the kinds of data obtained by the 
Deep Sea Drilling Project. 

2. Determine the relative ages of sedlmerft lasers 
v by usinglossils and the principle oT superposition. 

3. Correlate the layers represented in the Core 
Diagrams. v - * J 

'4. Relate the age of ocean crust to sea-floor 
spfeading. ' 

PROCEDURE 

PART A. How are the relative ag6s of sediments 
in a core determined? 

Materials Worksheets 1, 2, 3, 4, and 5; rulers, 
pencils and colored pencils 

Sediments are deposited in layers The principle 
of superposition states that when those layers 
remain undisturbed, the layer on the bottom was £ 
deposited first and is the oldest. The youngest 
• is on top. 

1. Ffnd your set of Core Diagrams (Worksheet 5) 
Look at-the diagram of the core from site 8. 
There arejetters at several plac^f on the diagram 
List the letters in a column here, according 
to the ages of the sediments they mark. Write 
"youngest" beside the top letter and "oldest" 
beside the bottom letter. 




The principle of superposition allows us to 
determine the youngest and oldest sediment 
within a single core. How can you relate the 
age of a layer of sedimenHn one core to a layer in 
another core from a different location? A 
scientist working on the Deep Sea Drilling Project 
must do this to work out the history of the 
ocean basins. Many sediments contain fossils. 
Some of these are microscopic shfcll$ of tiny plants 
and animals that lived in the surface waters 
xrf the ocean. When these organisms die, they fall 
to the ocean floor and become part of the 
sediments. 
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Some species of planteor animals lived throughout 
wide areas during a relatively short period 
of geologic tffne. Their fossils are called index 
fossils. Many'individuals of a species drifted far 
and wide across the ocean Their fossil shells 
ard found in a layer of sediment deposited over a 
large area of the ocean floor at the timtf that 
' the species existed When cores are taken from 
■ this layer of sediment at different locations, 
the same species of fossils may be found in several 
of the cores The sediments in whi£l^ the fossils • 
are found can then be matched between cores. 
The fossils must be a part of the sediment 
deposited at the same time in each of the areas 
where the cores were taken. m - ' 

2. Examine the Reference Collection of Fossils 
(Worksheet 1) These pictures are of fossils 
from the groups called Foraminifera and 
Radiolana Instead of the actual species names of 
these organisms, each is labeled with an 

- identification letter The range (the portion of 
geologic time during whicti a fossil lived) is given 
for each fossil (for example, Middle Paleocene 
to Late Oligocene for species E) Plot the 
range of each species on the Range Chart of Fossil 
Species (Worksheet 4). The range of species E has 
already been plotted. Have your teacher 
check your graph when you finish 

3. Does any species represent a single time 
period (for example, Miocene) or only part of a 
time period? List thfese along with the part 

of geologrc time in which they are found. These 
m .species are index fossils. * 
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4. Using Fossils Found in Cores (Worksheet 2) 
identify each fossil as follows; The number^en the 
fossils correspond to the -layer in which they 
occur In the core. For example, fossil 1 was 
found near the top of the core from site 8. Fossil 2 
w£s found in the layer immediately below it.* 

To identify each of these fossils, compare t+iem 
with the picture of 'each species in your Reference 
Collection of Fossils (Worksheet 1). Record 
the letter labeling the species in the space 
provided op the Core Diagrams. For example, 
'fossil 1 would be identified as "A", fossil 2 as "I", 
etc. m 

5. Look at the first section (Worksheet 5), site 8.\ 
It contains fossils A, I arft) O Using your 
Range-Chart of Fossil Species (Worksheet 4), find 
the one geologic age when all th§se organisms 
lived at the same time You should find this 
tcr-be Pleistocene Write Pleistocene on the line 
above Age on the core diagram. Now determine 
the ages of the other core diagrams at each 

site in the same manner 

6. Which fossils did you find most useful?- 



7. What do we call such fossils 9 



8. Find the Key to Geologic Ages, Sediments and 
Rocks (Worksheet 3). Color the small squares 
next to each geologic age with a different color. 
Next, color^each section of the core diagrams 
(Workshpe£t ; 5) to match the color of the 
geologic ages in your key. 

9. Notice that some sediments lack fossils, so 
you cannot be certain of their ages. Use the 
principle of superposition to estimate the ages 
of these sediments. Indicate on the cores , 
the ages that you have determined by drawing 
diagonal lines of the appropriate color in each * 
seption of the core diagram.^ 

You have now used index fqssils to determine 
the ages of sediments in cofes in the same 
O / that scientists do. These core diagrams will 
JC"d be used in PART B of this activity. 



PROCEDURE 

PART B. How do the ag.es of sediments differ 
from ^pre to core? » 
Materials: Worksheets 3 and 5, rulers and 
pencils. % 

1. Using Worksheet 5 that you filled in for PART A, 
correlate by drawing lines between cores, 
marking the time boundaries from one core to {he 
next. For example, connect the line in each * * 
core that represents the boundary between the 
Miocene and Pliocene. Have your teacher 

check your diagrams before you continue. 

For tfie remainder of these questions, refer to the 
Core Diagrams (Worksheet 5), the Key to * 
Geologic Ages, 'Sediments and Rock^ (Worksheet 
3); the map (Figure T)>aftfJ the chart showing the, 
topography of the Atlantic Ocean Basin (Figure 2)" 

2. At which sites did the Glomar Challenger 
* drill through sediment to igneous rock? 



4. If the core at site 8 had been drilled deeper,- 
would the deeper sediments be older or younger *. 
than those from the bottdpi of the core? 



5. Keeping your last answer in mind, do the 
deepest sediments of sites 8 through 11 become 
younger or older as you move frofn the 
bottom of the continental margin to the ridgfe? 



6. What must happen to th^age of the basaltic 
ocean crust from west to east (sites 8 to 11)? How 
can you explain the differences in ages? 



The igneous rock. at these sites is basalt and 
probably js oceanic crust. < 

3, Which of the sites is closest tb the ridge axis? 



Which is closest to the North American continental 
shelf?- * 



Bermuda 

North America Site 8. / a Site 10 



Ridge Crest Cape Verde islands^ 

Site 11 I 'Site 12 \ " Africa 
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Figure 2. Topogtephy of the Atlantic jOcean basin along the path of Leg 2. Vertical Scale is greatly 

exaggerated. (Adapted from Volume II, Initial Reporfe of the Deep Sea Drilling Project.) * ; 
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Key to Geologic Ages, Sediments and Rocks 
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Range Chart of Fossil Species 
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Core Diagrams 
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Worksheet 5 (PARTS A anil B) 



7. What are the relative ages of bottom sediments 
at sites 11 and 12 7 Are these ages consistent 
with your answers to 5 and 6? 



9. Why should the sediment on both sides of the 
ridge be of similar age and represent similar 
depth of water 7 



8. What happens to the depth of the ocean * 
waters from site 8 to site 11? From site 11 to 
12? How can you explain these differences 
in depth 7 



/ 



10. Are your observations in this activity 
consistent with the predictions you made in 
questions 1 through 3 irj^ ^INTRODUCTION? 



In the early 1960s, a scientist by the name of 
Harry Hess proposed an idea to explain how the 
ocean crust might form. He suggested that 
new crust was coming to th'e surface at the 
Mid-Atlantic Ridge, and that the older crust was 
being pushed away. As a result, the ocean basin 
was spreading away in bofh (directions from 
the ridge. In other weirds, the basaltic ocean crust 
is older in both directions away from the ridge. 
The Deep Sea Drilling Project data used in 
this activity supports Hess's theory of sea-floor 
spreading. T 



SUMMARY QUESTIONS 

1. ^/hat types of (Jata has the Deep Sea Drilling 
Project recovered from the ocean floor? 



3. How is it possible to correlate layers of 
sediment in one core with those in another 7 



/ 



2. Why dan the rangeg of fossils be used to 
determine the age of a layer of sediment 7 



4. How do the apes of the oldest sediment |n 
cores from the lyftd-Atiantic Ridge compare to A. 



those taken, near Bermuda? 



The Cape Verde islands? 
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E XT EN S IONS ^^^^^^^^^^^^ ^^^-^ ^^^^^ ^ 5 ^ 
What is the carbonate compensation depth? 



: ------ <v.^:-vr~ 



Many microscopic plants and animals live in the 
ocean's surface waters When they die, their 
Shells sink to the bottom of the ocean Because 
they/are so small, it takes a very long tirrye 
for them to reach the bottom. These shells dissolve 
in sea water, and carbonate shells are more 
likely to dissolve than ttiose made of silica. The 
longer it takes for a carbonate shell to reacf^ 
the bottom, the more likely it is to be totally 
.dissolved. In very deep water, carbonate shells 
are not preserved; only the silica shells are 
left. They form a siliceous ooze on the bottom. 
The deptfi at which little carbonate is preserved in 
the sediment is called the carbonate compensation 
depth: This depth vanes primarily vyith 
temperature of the water The colder the water 
• the sooner carbonate will be dissolved and, - 
therefore, the shallower the carbonate 
compensation depth. Generally, the carbonate 
compensation depth will be at about the same 
depth everywhere at a given latitude 

The cores you have studied were obtained 
between latitudes 20° and 30° North The 
youngest sediments in these cores are Pleistocene 
We can assume that they were deposited under 
conditions similar to those of today. These 
sediments will therefore indicate the present 
level of the carbonate compensation depth. 
It should be the same for each of the areas 
represented by the cores. 

1. Using Figure 2, determine the depth of the 
water at the top of each core takeo at each site 

Site 8 

Site 10 ! 

Site 11 1 

Site 12 



2. Using the Core Diagrams (Worksheet 5) and 
the K6y to Geologic Ages, Sediments and Ropks 
(Worksheet 3), determine whether the fossils £ 
found at the top of each core are -Silica or 
carbonate. 

Site 8 

Site 10 

Site 1 1 

Site 12 

3. Using Figure 2, determine the level of the^ 
carbonate compensation depth for this part of the 
Atlantic. 



Most geologists believe that the basalt making up 
Qld crust is cooler and therefore more dense ^ 
than that of relatively new crust. If this is true, 
old crust should lie at a lower elevation in the 
ocean basins than new crust. Therefore the ocean 
should be deeper over the old crust. / 

4. Should the crust under site 8 be youtiQer or 
older than that below site 11? What twojlines 
of evidence support your conclusion 9 



5. The core at site 8 did not reach the basalt 
\\A had, what type of sediment (carbonate - 
or silicate) would you expect to find resting on 
the basalt 9 Why 9 



(Hint, the foraminiferal ooze is composed of 
© jarbonate sedimentable siliceous OQze and 
ERJChe chert are composed of silica.) 
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